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Introduction
============

Carbamazepine is one of the most commonly used antiepileptic drugs in Europe among women of childbearing age. Several cohort studies have evaluated the risk of major congenital malformations associated with carbamazepine, and it seemed to be less teratogenic than valproic acid.[@ref1] [@ref2] [@ref3] [@ref4] [@ref5] [@ref6] Although around 3000 pregnancies with recorded carbamazepine exposure have been described in the literature, each individual study on its own is too small to have the statistical power to detect risks for specific congenital malformations compared with other antiepileptic drugs.[@ref4] [@ref7] [@ref8]

The EUROCAT (European Surveillance of Congenital Anomalies) Antiepileptic Study Database, which was set up for a study of lamotrigine, covered 3 881 592 births and contains 131 registrations of malformation in pregnancy outcomes exposed to carbamazepine monotherapy, more than in any other published study.[@ref9] This enabled the examination of risks of specific major congenital malformations associated with carbamazepine monotherapy.

We reviewed and combined studies on carbamazepine to identify indications of increased risks of specific malformations after intrauterine exposure to carbamazepine monotherapy in the first trimester of pregnancy. We tested these indications, or prior hypotheses, in a case-control study using two control groups of malformations.

Methods
=======

EUROCAT
-------

The EUROCAT Antiepileptic Study Database has been previously described.[@ref6] [@ref9] [@ref10] It was drawn from 19 population based registries of congenital anomaly in Europe, covering 3 881 592 births in Europe in 1995-2005 and 98 075 major congenital malformations: 86 291 non-chromosomal and 11 784 chromosomal. Information was available for live births, still births or late fetal deaths from 20 weeks' gestation, and terminations of pregnancy after prenatal diagnosis. The database includes data from registries in Belgium (Antwerp and Hainaut), Croatia (Zagreb), Denmark (Odense), France (Paris and Strasbourg), Germany (Mainz and Saxony-Anhalt), Ireland (Cork and Kerry), Italy (Emilia Romagna and Tuscany), Malta, Netherlands (northern part), Norway, Poland (Wielkopolska, rest of Poland), Spain (Basque Country), Switzerland (Vaud), and the United Kingdom (Wales).

Literature review
-----------------

We reviewed PubMed, Web of Science, and Embase for papers about carbamazepine exposure in the first trimester of pregnancy and specific malformations using the following search strategy: (("Carbamazepine"\[Mesh\] OR "antiepileptic drugs"\[ti\] OR "AED"\[ti\]) AND ("Congenital Abnormalities"\[Majr\] OR "Pregnancy Complications/drug therapy"\[Majr\] OR "birth defects"\[ti\]) NOT "Clinical Trials, Phase I as Topic"\[Mesh\] NOT ("Models, Animal"\[Mesh\] OR "Animal Experimentation"\[Mesh\])) AND "Cohort Studies"\[Mesh\] (PubMed n=44) and 'carbamazepine and malformation and pregnancy' (Web of Science n=141 and Embase n=30). We identified nine cohort studies that contained a specified case list of all pregnancy outcomes with malformation (table 1[](#tbl1){ref-type="table"}).[@ref1] [@ref2] [@ref3] [@ref4] [@ref5] [@ref11] [@ref12] [@ref13] [@ref14] We contacted four authors to get more information about the case list; three were able to supply the information requested and were included,[@ref1] [@ref3] [@ref4] [@ref5] the fourth was excluded.[@ref1]
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 Overview of included cohort studies on effects of carbamazepine taken during pregnancy on congenital malformations

  Study                          Country                                                                                         Included years        Exposed to carbamazepine monotherapy         
  ------------------------------ ----------------------------------------------------------------------------------------------- --------------------- -------------------------------------- ----- -------------------
  Samrén 1997^14^                Berlin and Magdeburg, Germany; Helsinki, Finland; Rotterdam, Netherlands; epilepsy institutes   1972-90               280                                    22    7.9 (5.2 to 11.6)
  Diav-Citrin 2001^11^           Israeli Teratogen Information Service                                                           Jan 1989-March 1999   108                                    6     5.6 (2.6 to 11.8)
  Kaaja 2003^12^                 Finland, Helsinki                                                                               Jan 1980-Sep 1998     363                                    10    2.8 (1.5 to 5.0)
  Sabers 2004^13^                6 hospitals, Denmark,                                                                           Sep 1996-May 2000     18                                     0     0 (0.0 to 17.6)
  Wide 2004^5^                   Sweden                                                                                          Jul 1995-Dec 2001     703                                    28    4.0 (2.8 to 5.7)
  Meador 2006^2^                 25 epilepsy centres, UK and US                                                                  Oct 1999-Feb 2004     110                                    5     4.5 (2.0 to 10.2)
  Morrow 2006^3^                 Pregnancy registry, UK                                                                          Dec 1996-March 2005   900                                    20    2.2 (1.4 to 3.4)
  Vajda 2007^4^                  Pregnancy registry, Australia                                                                   Jul 1999-Oct 2002     198                                    10    5.1 (2.8 to 9.0)
  Total                          ---                                                                                             1972-2005             2680                                   101   3.8 (3.1 to 4.6)
  Major according to EUROCAT\*   ---                                                                                             ---                   2680                                   89    3.3 (2.7 to 4.2)

**\***According to EUROCAT major congenital malformation classification (based on ICD-10) 12 were only minor malformations and were therefore excluded.

The eight cohort studies included outcomes of 2680 pregnancies with carbamazepine monotherapy exposure. Of these, 101 babies had a malformation, 89 of which were classified as major according to EUROCAT[@ref10] and were classified according to 49 standard EUROCAT congenital anomaly subgroups. A case could be counted only once in each subgroup but could be counted in more than one subgroup. The 12 cases classified as only minor malformations according to the EUROCAT classification were excluded.[@ref10] Based on these eight cohorts, the overall prevalence for a major congenital malformation after exposure to carbamazepine monotherapy in the first trimester was 3.3% (95% confidence interval 2.7 to 4.2) (table 1[](#tbl1){ref-type="table"}).

The prevalence for specific subgroups of congenital anomaly was calculated by dividing the subgroup totals by the total outcomes in pregnancies with carbamazepine monotherapy exposure. This prevalence was compared with the prevalence in the population covered by the EUROCAT Antiepileptic Study Database (excluding pregnancies with exposure to antiepileptic drugs), with χ^2^ test with Yate's correction in S-PLUS 7.0. In the combined literature cohort five subgroups had a significantly higher prevalence than expected (P\<0.05) (table 2[](#tbl2){ref-type="table"}) and were considered "indications" to be tested in the case-control study: spina bifida, total anomalous pulmonary venous return, cleft lip (with or without palate), diaphragmatic hernia, and hypospadias.
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 Result of review of eight cohort studies. All specific malformations found in literature review were classified to 75 malformation subgroups; 49 subgroups had at least one case and five (shown here) showed significant increased prevalence compared with EUROCAT population. Figures are numbers of cases (prevalence per 1000 registrations)

                                      Literature (n=2680)   EUROCAT\* (n=3 869 947)   P value†
  ----------------------------------- --------------------- ------------------------- ----------
  Anomalous pulmonary venous return   2 (0.75)              134 (0.03)                \<0.001
  Cleft lip, with or without palate   7 (2.61)              3634 (0.94)               0.012
  Diaphragmatic hernia                3 (1.12)              766 (0.20)                0.007
  Hypospadias                         12 (4.48)             5418 (1.40)               \<0.001
  Spina bifida                        6 (2.24)              1933 (0.50)               \<0.001

\*Excluding registrations of chromosomal malformations and malformations with reported exposure to antiepileptic drugs.

†Calculated with χ^2^ test with Yates's correction.

To check if we missed any indication by concentrating on published cohort studies in the literature review, we searched for additional indications in abstracts of case-control studies. We found one additional indication for the risk of cleft palate.[@ref15] We excluded cleft palate malformations from our study control group and examined these registrations separately. Indications from other case-control studies had all been identified in the review of cohort studies.

Case-control study
------------------

We carried out a population based case-control study to test the five indications identified in the literature review. We compared the odds of exposure to carbamazepine monotherapy among each of these five malformations under study (cases) with the odds of exposure among two control groups of malformations: a non-chromosomal and a chromosomal control group. As valproic acid has been shown to be more teratogenic than other antiepileptic drugs, we compared carbamazepine monotherapy exposure with "no antiepileptic drug exposure," "valproic acid monotherapy," and "other antiepileptic drug monotherapy" (excluding valproic acid).[@ref6]

Case definition
---------------

Cases were defined as all live births, fetal deaths from 20 weeks' gestation, and terminations of pregnancy after prenatal diagnosis, non-chromosomal and non-monogenic, with at least one of the following major congenital malformations: spina bifida, total anomalous pulmonary venous return, cleft lip (with or without palate), diaphragmatic hernia, and hypospadias. We excluded all cases of diagnosed monogenic syndrome (n=180).

Control definition
------------------

*Control group 1* included live births, fetal deaths from 20 weeks' gestation, and terminations of pregnancy after prenatal diagnosis that involved major malformations other than the five malformations under study. We excluded chromosomal syndromes as well as registrations with cleft palate or Pierre Robin sequence (n=2320) and all anencephaly or encephalocele (n=1860) to avoid possible misclassification from an aetiologically similar diagnosis. Five controls were excluded because of unknown type of birth.

*Control group 2* included live births, fetal deaths from 20 weeks' gestation, and terminations of pregnancy after prenatal diagnosis with chromosomal syndromes. Two controls in this group were excluded because of unknown type of birth.

Exposure
--------

All registrations with associated maternal use of antiepileptic drugs or maternal epilepsy, or both, were selected, verified by the local registry, and coded by ATC (Anatomical Therapeutic Chemical Classification) code.[@ref16] After verification over 99% of all drug names were known. In 95% of all registrations with carbamazepine exposure, there was a diagnosis of maternal epilepsy. To avoid misclassification of exposure we excluded all registrations with an associated reported diagnosis of maternal epilepsy but without maternal use of antiepileptic drugs in the first trimester (42 cases: spina bifida (8), cleft lip (12), diaphragmatic hernia (5), and hypospadias (17); and 195 controls). We compared carbamazepine monotherapy in the first trimester of pregnancy with "no antiepileptic drug exposure," "valproic acid monotherapy," and "other antiepileptic drug monotherapy excluding valproic acid." In the comparison with valproic acid monotherapy we excluded from the control group malformations associated with valproic acid exposure: atrial septal defect, polydactyly, and craniosynostosis.[@ref6]

Statistical analyses
--------------------

Odds ratios were calculated with logistic regression in Stata. Crude odds ratios were calculated without correction for any possible confounder and including all registries even if they had no registration with carbamazepine exposure (see appendix 1 on bmj.com). Odds ratios were adjusted for maternal age (categorised into \<25, 25-29, 30-34, and \>34 years) and year of birth of the child (categorised as before 1999, 1999-2001, and 2002 onwards). If there were sufficient numbers of cases the adjusted odds ratio was also corrected for the reporting registry (registries with no carbamazepine exposure were excluded). No systematically recorded information on other potentially important confounders was available in our dataset.

We also conducted an exploratory analysis to check if there was evidence in the data of specific malformations related to carbamazepine monotherapy that were not identified by the literature review. We compared the proportion of each subgroup of specific non-chromosomal congenital anomalies (excluding the five case groups, but reincluding cleft palate, anencephaly, and encephalocele) for malformations with carbamazepine monotherapy exposure with all non-chromosomal EUROCAT registrations without reported epilepsy or use of antiepileptic drugs. We compared differences between proportions with a χ^2^ test.

Results
=======

In the included study population 516 registered malformations were in pregnancy outcomes with recorded exposure to any antiepileptic drug in the first trimester of pregnancy, 5.5 per 1000 registrations (516/93 436). The exposure to antiepileptic drugs was more than twice as high among the cases (10.9 per 1000 registrations) than among the controls (5.0 and 3.2 per 1000 registrations) (table 3[](#tbl3){ref-type="table"}). This difference between cases and controls was not seen in registered malformations with any recorded exposure to carbamazepine monotherapy. The exposure to carbamazepine monotherapy was comparable among cases (1.4/1000) and among non-chromosomal controls (1.5/1000). The exposure among chromosomal controls was lower (0.9/1000). The exposure to valproic acid monotherapy was higher among cases than among both control groups (table 3).[](#tbl3){ref-type="table"}
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  Exposure to antiepileptic drugs during pregnancy recorded among registrations of congenital malformations (cases and controls). Figures are numbers of cases (prevalence per 1000 registrations)

                                       Non-chromosomal cases under study\* (n=11 790)   Control group 1† (n=69 883)   Control group 2‡ (n=11 763)
  ------------------------------------ ------------------------------------------------ ----------------------------- -----------------------------
  Any antiepileptic drug               129 (10.9)                                       349 (5.0)                     38 (3.2)
  Any antiepileptic drug monotherapy   104 (8.8)                                        282 (4.0)                     32 (2.7)
  Valproic acid monotherapy            66 (5.6)                                         102 (1.5)                     13 (1.1)
  Carbamazepine monotherapy            16 (1.4)                                         105 (1.5)                     10 (0.9)
  Other monotherapy                    22§ (1.9)                                        75¶ (1.1)                     9\*\* (0.8)

\*All cases with anomalous pulmonary venous return, cleft lip (with or without palate), diaphragmatic hernia, hypospadias, or spina bifida.

†Non-chromosomal malformations, excluding malformations under study.

‡All chromosomal malformations.

§Phenobarbital (9), lamotrigine (5), clonazepam (3), levetriacetam (2), unspecified antiepileptic drugs (3).

¶Lamotrigine (33), phenobarbital (15), oxcarbazepine (10), phenytoin (5), clonazepam (3), primidon (3), methylphenobarbital (2), topiramate (2), ethosuximide (1), unspecified (1).

\*\*Phenobarbital (4), lamotrigine (2), clonazepam (1), oxcarbamazepine (1), phenytoin (1).

The five case subgroups included 11 790 cases (table 4[](#tbl4){ref-type="table"}). Eighty two cases were included in two different subgroups. The control groups consisted of 69 883 non-chromosomal malformed registrations and 11 763 chromosomal registrations.
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 Adjusted\* odds ratios (95% confidence intervals) for exposure to carbamazepine monotherapy compared with no antiepileptic drug, valproic acid, and other antiepileptic drugs, with two control groups: non-chromosomal malformations (control 1) and chromosomal malformations (control 2)

  Malformation subgroup (No of cases)               Carbamazepine   No antiepileptic drug                       Valproic acid monotherapy†                      Other monotherapy‡                         
  ------------------------------------------------- --------------- ----------------------- ------------------- ---------------------------- ------------------ -------------------- -- ------------------ ------------------
  Spina bifida (n=2048)                             8               2.6 (1.2 to 5.3)        4.2 (1.5 to 11.2)                                0.2 (0.1 to 0.6)   0.3 (0.1 to 1.2)        1.1 (0.4 to 3.6)   1.4 (0.3 to 6.6)
  Total anomalous pulmonary venous return (n=132)   0               ---                     ---                                              ---                ---                     ---                ---
  Cleft lip (with or without palate) (n=3544)       1               0.2 (0.0 to 1.3)        0.2 (0.0 to 1.7)                                 0.3 (0.0 to 2.6)   0.2 (0.0 to 2.7)        0.1 (0.0 to 0.6)   0.0 (0.0 to 0.5)
  Diaphragmatic hernia (n=755)                      1               0.9 (0.1 to 6.6)        1.0 (0.1 to 8.5)                                 0.5 (0.0 to 4.5)   0.4 (0.0 to 5.8)        0.2 (0.0 to 2.2)   0.2 (0.0 to 2.5)
  Hypospadias, boys only (n=5393)                   6               0.7 (0.3 to 1.6)        0.5 (0.2 to 1.8)                                 0.2 (0.1 to 0.5)   0.1 (0.0 to 0.7)        0.8 (0.2 to 2.9)   0.4 (0.1 to 4.0)

\*Adjusted for year of birth and maternal age. Odds ratios for comparison with no antiepileptic drug additionally adjusted for reporting centre.

†Excluding malformations associated with valproic acid exposure. Cases exposed to valproic acid: spina bifida (27), total anomalous pulmonary venous return (2), cleft lip (3), diaphragmatic hernia (2), hypospadias (32).

‡Excluding valproic acid. Cases exposed to other antiepileptic drug monotherapy: spina bifida (5), total anomalous pulmonary venous return (0), cleft lip (10), diaphragmatic hernia (3), hypospadias (5).

Carbamazepine monotherapy *v* no antiepileptic drugs
----------------------------------------------------

In the comparison of carbamazepine monotherapy exposure with no antiepileptic drugs, one of the five indications found in the literature was confirmed: the odds ratio for spina bifida was 2.6 (95% confidence interval 1.2 to 5.3) compared with non-chromosomal controls and 4.2 (1.5 to 11.2) compared with chromosomal controls. The odds ratios for cleft lip (with or without palate), diaphragmatic hernia, and hypospadias were not appreciably increased; they were all around or below 1, though for diaphragmatic hernia the confidence interval was wide. We could not perform meaningful analyses for total anomalous pulmonary venous return because we did not have any cases with exposure to carbamazepine (table 4).[](#tbl4){ref-type="table"}

Carbamazepine monotherapy *v* other antiepileptic drug monotherapy
------------------------------------------------------------------

In contrast with the comparison with "no antiepileptic drugs" the exposure to carbamazepine monotherapy resulted in a reduced risk for spina bifida compared with valproic acid monotherapy, which was significant in the comparison with control group 1 (0.2, 0.1 to 0.6). Compared with other antiepileptic drug monotherapy excluding valproic acid, exposure to carbamazepine monotherapy showed no difference in the risk for spina bifida (1.1, 0.4 to 3.6).

For hypospadias we found a significantly lower risk for carbamazepine monotherapy than for valproic acid monotherapy (0.2, 0.1 to 0.5) and again no difference in risk in comparison with other antiepileptic drug monotherapy excluding valproic acid (0.8, 0.2 to 2.9).

The risk for cleft lip with or without palate was significantly lower for carbamazepine monotherapy than for other antiepileptic drug monotherapy excluding valproic acid (0.1, 0.0 to 0.6) (over half of these cases had recorded exposure to phenobarbital). No significant difference was seen for carbamazepine monotherapy compared with valproic acid monotherapy (0.3, 0.0 to 2.6), but the point estimate was decreased. The results for diaphragmatic hernia also showed decreased odds ratios but with wide confidence intervals (table 4).[](#tbl4){ref-type="table"}

We tested the one additional indication identified in literature, cleft palate, in the EUROCAT dataset, but we did not confirm this indication compared with no antiepileptic drug exposure (crude odds ratio 1.3 (0.4 to 4.1) with non-chromosomal controls).[@ref15]

Exploratory analysis
--------------------

The exploratory analysis of all malformation subgroups found that all proportions were similar (P\>0.05) except for two subgroups: single ventricle (2.3% (n=3) of carbamazepine exposed *v* 0.3% expected, χ^2^ P\<0.001) and atrioventricular septal defect (3.1% (n=4) of carbamazepine exposed *v* 0.8% expected, χ^2^ P\<0.011, data available on request). When we removed registrations with these malformations from our non-chromosomal control group, our results regarding the five indication case groups stayed essentially the same.

Discussion
==========

Interpretation of the results
-----------------------------

Of the five indications for specific malformations associated with exposure to carbamazepine monotherapy that we identified from published cohort studies, spina bifida was the only confirmed indication (odds ratio 2.6 (1.2 to 5.3) for comparison with no exposure to antiepileptic drug and with the non-chromosomal controls). All other case groups resulted in an odds ratio around or below 1. According to the upper confidence limits, we could exclude 50% of excess risks for cleft lip and hypospadias with some degree of certainty, but further surveillance would be necessary to gain larger numbers to estimate risks for diaphragmatic hernia and total anomalous pulmonary venous return with more precision.

In our analyses comparing exposure to carbamazepine monotherapy with valproic acid monotherapy we found a significantly decreased risk for spina bifida (odds ratio 0.2, 0.1 to 0.6) and hypospadias (odds ratio 0.2, 0.1 to 0.5), indicating that the risk of spina bifida and hypospadias with carbamazepine is less than with valproic acid. In our study of valproic acid[@ref6] we found a sixfold risk for spina bifida and a sevenfold risk for hypospadias with valproic acid monotherapy compared with exposure to another antiepileptic drug with the non-chromosomal control group.

It is noteworthy that the risk for cleft lip with or without palate was significantly more related to other antiepileptic drug monotherapy (excluding valproic acid) than to carbamazepine monotherapy (odds ratio 0.1, 0.0 to 0.6). Over half of these cases were exposed to phenobarbital, which is known to be associated with cleft lip and palate.[@ref17]

Comparison with other studies
-----------------------------

The rate of major malformation with exposure to carbamazepine that we found when combining the eight cohort studies (3.3%) was lower than the rate reported in the only meta-analysis in the literature (44/797; 5.5%, 4.1% to 7.3%)*.*[@ref18] Eleven of the 16 studies included in the meta-analysis contained information about malformations. Three of these 11 presented a case list with specific malformations and were included in our literature review. The difference in the rate of malformations could be explained by dissimilarities in classification of minor malformations for exclusion.

In a general review of the literature, we did not find any strong suggestions of specific malformations other than our five case groups, except for a recently published abstract based on the North American AED Pregnancy Registry, which suggested a 24-fold (7.9 to 74.4) increase in the rate of isolated cleft palate with carbamazepine.[@ref15] In the EUROCAT dataset we did not confirm this strong indication, either in the proportional exploratory analysis or by calculation of odds ratios.

Strengths and limitations of the study
--------------------------------------

One limitation of our study is that we used controls with malformations. Controls with non-chromosomal malformations will result in an underestimation of the effect if there are any individuals left in the control group with malformations that are related to the exposure. Our exploratory analysis was designed to see if there were specific malformations of concern; we found single ventricle and atrioventricular septal defect to represent a higher proportion than expected (though this might be a chance finding associated with multiple comparisons). When we excluded these two malformations from the control group, our results stayed essentially the same. Chromosomal controls can lead to an overestimation of effect of drug exposure if exposure is not recorded completely because of the lack of relevance of drug exposure in early pregnancy. We have examined this in previous studies of lamotrigine and valproic acid[@ref6] [@ref9] and found no evidence of substantially poorer recording of exposure to antiepileptic drugs for chromosomal controls, either by examination of exposure rates or by examination of information gathering procedures for exposure. Exposure information is mainly collected prospectively in medical records and is ascertained by the registry regardless of type of malformation. In a previous study evaluating exposure to valproic acid and specific congenital malformations, we found similar odds ratios for non-chromosomal and chromosomal controls, while in our study of lamotrigine exposure and orofacial clefts, as in the current carbamazepine study, we found greater odds ratios with chromosomal controls than with non-chromosomal control group. One interpretation is that there is a generalised risk of malformation associated with carbamazepine, which is not specific to a few malformation groups. With that interpretation, the difference in exposure rate between the control groups would suggest an up to 50% generalised increase risk of major malformations with carbamazepine. Another interpretation is that carbamazepine "protects" against chromosomal malformations---for example, by raising the chance of an early miscarriage for affected pregnancies. In relation to the finding regarding spina bifida, we consider that the true odds ratio is likely to be between the estimates obtained from the two control groups.

The apparent specificity of effect of carbamazepine for spina bifida, compared with valproic acid, with a much larger range of effects, might be a useful biological clue in elucidating the underlying teratogenic mechanism. It is also possible that spina bifida is in part related to the underlying epilepsy rather than the drug used, though our results show that the drug used at least affects the level of risk of spina bifida. In this large population based study, we carried out a direct comparison between the risks for specific malformations associated with carbamazepine monotherapy compared with valproic acid monotherapy. A limitation in our comparison of risks between exposure to different types of antiepileptic drug was that we did not have the information to adjust for type of epilepsy, frequency of seizures, used of folic acid, and dose of the antiepileptic drug.

Conclusions and policy implications
-----------------------------------

Although most antiepileptic drugs taken during pregnancy significantly increase the risk for one or more specific fetal malformations, the occurrence of these malformations is nevertheless rare. Most exposed pregnancies result in a baby without malformation. The best option regarding antiepileptic drug treatment can be chosen only on an individual basis by the woman and neurologist before pregnancy, weighing the benefits of epilepsy control against the risk of teratogenicity. In this study we have confirmed that carbamazepine is less teratogenic than valproic acid. A Cochrane review found no evidence to support the belief that valproic acid is superior to carbamazepine for generalised tonic-clonic seizures.[@ref19] Therefore, we agree with the recent recommendation of the American Academy of Neurology to avoid valproic acid in pregnancy if possible.[@ref20] Our literature review gives a 3.3% risk of major malformations with carbamazepine monotherapy, and our case-control study shows that the major concern is a moderately increased risk of spina bifida. This should to help in decision regarding whether carbamazepine should be the antiepileptic drug of choice in pregnancy.

### What is already known on this topic

1.  Women of childbearing age with epilepsy need to make decisions about the safest drug to use well before pregnancy

2.  Carbamazepine exposure in the first trimester increases the risk for major congenital malformations

3.  Most individual studies have been too small to clarify which specific malformations are associated with carbamazepine exposure or to directly compare risks with other antiepileptic drugs

### What this study adds

1.  Spina bifida was significantly associated with exposure to carbamazepine monotherapy compared with no use of antiepileptic drugs, but the risk was significantly smaller than for valproic acid

2.  Associations between carbamazepine and the four other malformations examined (total anomalous pulmonary venous return (no exposed cases), cleft lip with or without palate, diaphragmatic hernia, or hypospadias) were not confirmed
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